ABSTRACT: Growth and development of forest plants depend mostly on the soil microbial activity since no mineral or organic fertilizers are applied. Microbial processes can be activated and conditions for plants development improved with the introduction of selected microorganisms in the soil. With the aim of obtaining quality planting material in a shorter period of time, the effects of Azotobacter chroococcum and Streptomyces sp. on the early growth of black locust (Robinia pseudoacacia), Siberian elm (Ulmus pumila) and silver-leaf maple (Acer dasycarpum) were investigated in this study. Microorganisms were applied individually and in a mixture (1:1). Plant height was measured on the 90th, 120th and 180th day after planting. Plant diameter, as well as the number of actinomycetes and azotobacters was measured at the end of the vegetation period (180 days after planting). Applied microorganisms had a positive effect on the seedling height in all three plant species, with the best effect found in the black locust. Effectiveness of applied microorganisms on seedling diameter was the highest in the silver-leaf maple. The largest number of azotobacters was found in the rhizosphere of black locust. Number of microorganisms from both groups was increased in the inoculated variants.
INTRODUCTION
One of the basic functions of soil microbial biomass is the decomposition and transformation of organic materials, which are mostly derived from plant residues. Soil microorganisms start decomposition of soil organic matter and provide nutrients for plants [Barriuso and Solano 2008] . Rhizosphere microorganisms living near the root play a significant role in the plant nutrition. The root exudates influence chemical and microbiological properties of soil [Innes et al., 2004; Gottel et al., 2011] . Plant growth promoting microorganisms exert a positive influence on the plants through different, direct and indirect, mechanisms [Hayatsu et al., 2008] . As opposed to the agricultural crops to which nutrients are supplemented through organic and mineral fertilizers, nutrition of forest and ornamental woody plants mainly depends on the microbiological activities [Li et al., 2004] . Therefore, plant growth and development may be improved through activation of microbial processes. One of the ways to activate the microbial processes is via an introduction of effective microorganisms (biofertilizers) in the soil. These microorganisms may be introduced in the soil during pre-plant preparation of the soil, by application on the seed or root prior to planting. Biofertilizers are widely used in the production of field, vegetable and fruit crops for a considerable period of time, but are applied sporadically in the production of forest woody plants.
The effects of Azotobacter and actinomycetes on the early growth of black locust, Siberian elm and silver-leaf maple and the survival of introduced microorganisms in the rhizosphere of the selected plants were investigated with the aim of obtaining quality planting material in a shorter period of time.
MATERIAL AND METHODS
The trial was conducted on the soil with the following chemical properties: pH in H 2 O 7.8; pH in KCl 7.4; N 0.13%; CaCO 3 4.55%; humus 3.1%; 18.4 mg P 2 O 5 in 100 g of soil; 20.5 mg K 2 O in 100 g of soil. Seeds of black locust (Robinia pseudoacacia), Siberian elm (Ulmus pumila) and silver-leaf maple (Acer dasycarpum) were taken from the collection of the Institute of Lowland Forestry and Environment in Novi Sad, Serbia. Bacteria Azotobacter chroococcum and actinomycete Streptomyces sp. were used for inoculation (both from the collection of the Faculty of Agriculture in Novi Sad, Serbia). Azotobacter chroococcum was grown in a mannitol medium (Hi Media Laboratories Pvt. Limited Mumbai, India), and actinomycetes in a synthetic agar (Hi Media Laboratories Pvt. Limited Mumbai, India). Microorganisms were applied individually and in a mixture (1:1). On 50 seeds of investigated plant species 50 ml of grown culture medium, cell density 10 8 cells in 1 ml, was applied, i.e. 50 ml of inoculum was added next to the seedling. Inoculation was performed in three ways: in the first group of plants microorganisms were applied immediately before planting; in the second group of plants microorganisms were added next to the root 30 days after planting; in the third group of plants microorganisms were applied to seeds before planting, and next to the root 30 days after; in the fourth group of plants microorganisms were not applied (control group). Planting was carried out at the beginning of May. Plant height was measured three times during the vegetation period (90, 120 and 180 days after planting). Plant diameter was measured at the end of the vegetation period (180 days after planting). The number of azotobacters and actinomycetes in the rhizosphere soil was determined at the end of the vegetation period with the method of agar plates [Benson 2002] . For this purpose the same nutrient media as for inoculum multiplication were used.
Statistical analysis of variance was performed (Fisher LSD) using STA-TISTICA 12,0 software (Hamburg, Germany).
RESULTS AND DISCUSSION
Mineral fertilizers and appropriate plant protection measures are used in the production of the woody plants seedlings. However, it is often forgotten that microorganisms also provide the plant with large quantities of nutrients. The use of mineral fertilizers may be reduced to minimum or completely omitted through activation of microbial processes in the soil [Higa and Parr 1994] . In this study, microorganisms were used with the aim to improve early growth and development of plants by applying nitrogen fixing bacterium (Azotobacter chroococcum) and actinobacterium promoting mineralization of soil organic matter (Streptomyces sp.). Applied microorganisms had a positive effect on the seedling height in all three plant species, with the best effect found in the black locust (Table 1) . Effectiveness of inoculation on seedling diameter was the highest in the silver-leaf maple (Table 2 ). Method of inoculant application may influence its efficiency. In soybean and other leguminous plants better efficiency is obtained by seed inoculation [Redžepović et al., 2007; Jarak et al., 2006] whereas in this study there were no significant differences between methods of inoculation. The efficiency of application of single or multi-strain inoculants depends on the type of microorganisms applied and their interrelationships. In this study, application of Azotobacter and multi-strain inoculation had the same effects on the seedling height.
Different effects of applied microorganisms are also due to the composition of root exudates [Frostegard et al., 1993; Marschner et al., 2001] . Organic and amino acids are predominant in the rhizosphere of beech, and hydrate carbons in the rhizosphere of birch [Smith 1976 ]. Great differences in the composition of root exudates as well as in the composition of microbial communities were found between birch on the one hand, and pine or fir tree on the other hand [Priha et al., 1999] .
In this study, azotobacters and streptomyces were less abundant than in the rhizosphere of agricultural crops [Jarak et al., 2011] which is probably due to the differences in the composition of root exudates [Nihorimbere et al., 2011] . In the control variants, the largest number of actinomycetes was found in the rhizosphere of black locust, while lower but similar number was determined in other two plant species (Table 3) . In contrast, the number of azotobacters was the lowest in the rhizosphere of Siberian elm, and the highest in the rhizosphere of black locust. However, in the inoculated variants, the number of investigated microorganisms increased as expected. A large quantity of live cells of microorganisms was introduced via inoculation, and they adapted well due to favourable conditions and increased in number. Likewise, a considerable amount of easily-decomposed fractions of soil organic matter was left after a part of introduced microorganisms was destroyed, thus favouring multiplication of actinomycetes and azotobacters. Microbial biomass also acts as a small but labile reservoir of nutrients that contributes to maintaining long-term soil sustainability. The use of microorganisms in plant production has also been confirmed by many other research studies. Actinomycetes are known to be highly efficient mineralizers due to their ability to degrade lignin, pectin and the most resistant compounds that accumulate as components of humus [Seong et al., 2001] . Therefore, their use in plant production can give positive results, as confirmed by this study. Bacteria from the genus Аzotobacter exploit free nitrogen in/from the atmosphere and increase nitrogen balance in the soil for 40-60 kg ha -1 per year [Rajaee et al., 2007] . For that reason, Azotobacter is used as inoculant in the production of field and vegetable crops. With the application of Azotobacter in the maize production, more uniform seed germination, yield higher by 3% and increased soil microbiological activity are obtained. Therefore, the use of Azotobacter as an alternative to nitrogen mineral fertilizers is warmly recommended [Hajnal et al., 2005] . This study suggests that with the application of Azotobacter good effects can be achieved in the production of woody plant seedlings.
CONCLUSION
This study has reported positive effects of Azotobacter on the woody plant seedlings. The best effect on the seedling height was found in the black locust, and the poorest in the Siberian elm. Effectiveness of applied microorganisms on seedling thickness (diameter) was the best in the silver-leaf maple. Application of Azotobacter alone as well as combination of Azotobacter and actinomycetes had the same effect on the seedling height, while application of actinomycetes alone had poorer effect. In the control variants, the largest number of actinomycetes was found in the rhizosphere of Siberian elm, while the largest number of azotobacters was found in the rhizosphere of black locust. Number of actinomycetes and azotobacters increased in the inoculated variants. РЕЗИМЕ: У исхрани биљака посебно су важни ризосферни микроорганизми који живе непосредно уз корен. Интродукцијом одабраних врста микроорганизама у земљиште могу се активирати микробиолошки процеси и тако побољшати ус-лови за развој биљака. С циљем добијања квалитетног садног материјала за краће време, у овим истраживањима испитан је утицај примене Azotobacter chroococcum и Streptomyces sp. на почетни пораст багрема (Robinia pseudoacacia), сибирског бре-ста (Ulmus pumila) и сребрнолисног јавора (Acer dasycarpum). Микроорганизми су примењени појединачно и у смеши (1:1). Висина биљака мерена је 90, 120 и 180 дана након сетве. Пречник стабла биљака, број актиномицета и азотобактера ме-рен је на крају вегетационог периода (180 дана након сетве). Ефекат примењених микроорганизама на висину садница био је позитиван код све три биљне врсте при чему су најбољи резултати утврђени код багрема, а најслабији код сибирског бре-ста. Ефективност инокуланата на дебљину садница била је најбоља код сребрнолис-ног јавора. Начин инокулације није имао утицаја на пораст садница. На висину сад-ница подједнак утицај имала је примена азотобактера и здружена инокулација. Број азотобактера је био највећи у ризосфери багрема. На варијантама где је примењена инокулација, број обе групе микроорганизама био је повећан.
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